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Description 

[0001] The invention relates to an apparatus for 
endovascular electrothrombic formation of thromoi in 
arteries, veins, aneurysms, vascular malformations and s 
arteriovenous fistulas. 

[0002] Approximately 25,000 intracranial aneurysms 
rupture every year in North America. The primary pur- 
pose of treatment for ruptured intracranial aneurysm is 
to prevent rebleeding. At the present time, three general w 
methods of treatment exist, namely an extravascular, 
endovascular and extra-endovascular approach. 
[0003] The extravascular approach is comprised of 
surgery or microsurgery of the aneurysm or treatment 
site for the purpose of preserving the parent artery. This 15 
treatment is common with intracranial berry aneurysms. 
The methodology comprises the step of clipping the 
neck of the aneurysm, performing a suture-ligation of 
the neck, or wrapping the entire aneurysm. Each of 
these surgical procedures is performed by intrusive 20 
invasion into the body and performed from outside the 
aneurysm or target site. General anesthesia, craniot- 
omy, brain retraction and arachnoid dissection around 
the neck of the aneurysm and placement of a clip are 
typically required in these surgical procedures. Surgical 25 
treatment of vascular intracranial aneurysm can expect 
a mortality rate of 4-8% with a morbidity rate of 1 8-20%. 
Because of the mortality and morbidity rate expected, 
the surgical procedure is often delayed while waiting for 
the best surgical time with the result that an additional 30 
percentage of patients will die from the underlying dis- 
ease or defect prior to surgery. For this reason the prior 
art has sought alternative means of treatment 
[0004] In the endovascular approach, the interior of 
the aneurysm is entered through the use of a microcath- 35 
eter. Recently developed microcatheters, such as those 
shown by Engleson, "Catheter Guidewire", U.S. Patent 
4,884,579 and as described in Engleson, "Catheter for 
Guidewire Tracking", U.S. Patent 4,739,768 (1988), 
allow navigation into the cerebral arteries and entry into 40 
a cranial aneurysm. 

[0005] In such procedures a balloon is typically 
attached to the end of the microcatheter and it is possi- 
ble to introduce the balloon into the aneurysm, inflate it, 
and detach it, leaving it to occlude the sac and neck with 45 
preservation of the parent artery. While endovascular 
balloon embolization of berry aneurysms is an attractive 
method in situations where an extravascular surgical 
approach is difficult, inflation of a balloon into the aneu- 
rysm carries some risk of aneurysm rupture due to pos- 50 
sible over-distention of portions of the sac and due to 
the traction produced while detaching the balloon. 
[0006] While remedial procedures exist for treating a 
ruptured aneurysm during classical extravascular sur- 
gery, no satisfactory methodology exists if the aneu- 55 
rysm breaks during an endovascular balloon 
embolization. 

[0007] Furthermore, an ideal embolizing agent should 



adapt itself to the irregular shape of the internal walls of 
the aneurysm. On the contrary, in a balloon emboliza- 
tion the aneurysmal wall must conform to the shape of 
the balloon. This may not lead to a satisfactory result 
and further increases the risk of rupture. 
[0008] Still further, balloon embolization is not always 
possible. If the diameter of the deflated balloon is too 
great to enter the intracerebral arteries, especially in the 
cases where there is a vasospasm, complications with 
ruptured intracranial aneurysms nay occur. The proce- 
dure then must be deferred until the spasm is resolved 
and this then incurs a risk of rebleeding. 
[0009] In the extra-intravascular approach, an aneu- 
rysm is surgically exposed or stereotaxically reached 
with a probe. The wall of the aneurysm is then perfo- 
rated from the outside and various techniques are used 
to occlude the interior in order to prevent it from rebleed- 
ing. These prior art techniques include electrothrombo- 
sis, isobutyl-cyanoacrylate embolization, hog-hair 
embolization and ferromagnetic thrombosis. 
[0010] In the use of electrothrombosis for extra-intra- 
vascular treatment the tip of a positively charged elec- 
trode is inserted surgically into the interior of the 
aneurysm. An application of the positive charge attracts 
white blood cells, red blood cells, platelets and fibrino- 
gen which are typically negatively charged at the normal 
pH of the blood. The thrombic mass is then formed in 
the aneurysm about the tip. Thereafter, the tip is 
removed. See Mullan, "Experiences with Surgical 
Thrombosis of Intracranial Berry Aneurysms and 
Carotid Cavernous Fistulas", J. Neurosurg., Vol. 41, 
December 1974; Hosobuchi, "Electrothrombosis 
Carotid-Cavernous Fistula", J. Neurosurg., Vol. 42, Jan- 
uary 1975; Araki et al., "Electrically Induced Thrombo- 
sis for the Treatment of Intracranial Aneurysms and - 
Angiomas", Excerpta Medica International Congress 
Series, Amsterdam 1965, Vol. 110. 651-654; Sawyer et 
al., "Bio-Electric Phenomena as an Etiological Factor in 
Intravascular Thrombosis", Am. J. Physiol., Vol. 175, 
103-107 (1953); J. Piton et al.. "Selective Vascular 
Thrombosis Induced by a Direct Electrical Current; Ani- 
mal Experiments", J. Neuroradiology, Vol. 5, pages 139- 
152(1978). However, each of these techniques involves 
some type of intrusive procedure to approach the aneu- 
rysm from the exterior of the body. 
[001 1 ] The prior art has also devised the use of a liq- 
uid adhesive, isobutyl-cyanoacrylate (IBCA) which 
polymerizes rapidly on contact with blood to-form a firm 1 
mass. The liquid adhesive is injected into the aneurysm 
by puncturing the sac with a small needle. In order to 
avoid spillage into the parent artery during IBCA injec- 
tion, blood flow through the parent artery must be 
momentarily reduced or interrupted. Alternatively, an 
inflated balloon may be placed in the artery at the level 
of the neck of the aneurysm for injection. In addition to 
the risks caused by temporary blockage of the parent 
artery, the risks of seepage of such a polymerizing 
adhesive into the parent artery exists, if it is not com- 
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pletely blocked with consequent occlusion of the artery. 
[001 2] Still further, the prior art has utilized an air gun 
to inject hog hair through the aneurysm wall to induce 
internal thrombosis. The success of this procedure 
involves exposing the aneurysm sufficiently to allow air 5 
gun injection and has not been convincingly shown as 
successful for thrombic formations. 
[0013] Ferromagnetic thrombosis in the prior art in 
extra-intravascular treatments comprises the stereotac- 
tic placement of a magnetic probe against the sac of the w 
aneurysm followed by injection into the aneurysm by an 
injecting needle of iron microspheres. Aggregation of 
the microspheres through the extravascular magnet is 
followed by interneuysmatic thrombus. This treatment 
has not been entirely successful because of the risk of is 
fragmentation of the metallic thrombus when the 
extravascular magnet is removed. Suspension of the 
iron powder in methyl methymethacrylate has been 
used to prevent fragmentation. The treatment has not 
been favored, because of the need to puncture the 20 
aneurysm, the risk of occlusion of the parent artery, the 
use of unusual and expensive equipment, the need for a 
craniectomy and general anesthesia, and the necessity 
to penetrate cerebral tissue to reach the aneurysm. 
[0014] Endovascular coagulation of blood is also well 25 
known in the art and a device using laser optically gen- 
erated heat is shown by O'Reilly, "Optical Fiber with 
Attachable Metallic Tip for Intravascular laser Coagula- 
tion of Arteries, Veins, Aneurysms, Vascular Malforma- 
tion and Arteriovenous Fistulas", U.S. Patent 4,735,201 30 

(1988) . See also, O'Reilly et al. a "Laser Induced Ther- 
mal Occlusion of Berry Aneurysms: Initial Experimental 
Results". Radiology, Vol. 171, No. 2, pages 471-74 

(1989) . O'Reilly places a tip into an aneurysm by 
means of an endovascular microcatheter. The tip -is 35. 
adhesively bonded to a optic fiber disposed through the 
microcatheter. Optical energy is transmitted along the 
optic f foer from a remote laser at the proximal end of the 
microcatheter. The optical energy heats the tip to cau- 
terize the tissue surrounding the neck of the aneurysm 40 
or other vascular opening to be occluded. The catheter 

is provided with a balloon located on or adjacent to its 
distal end to cut off blood flow to the site to be cauter- 
ized and occluded. Normally, the blood flow would carry 
away the heat at the catheter tip, thereby preventing 45 
cauterization. The heat in the tip also serves to melt the 
adhesive used to secure the tip to the distal end of the 
optical fiber. If all goes well, the tip can be separated 
from the optical fiber and left in place in the neck of the 
aneurysm, provided that the cauterization is complete so 
at the same time as the hot melt adhesive melts. 
[001 5] A thrombus is not formed from the heated tip. 
Instead, blood tissue surrounding the tip is coagulated. 
Coagulation is a denaturation of protein to form a con- 
nective-like tissue similar to that which occurs when the ss 
albumen of an egg is heated and coagulates from a 
clear running liquid to an opaque white solid. The tissue 
characteristics and composition of the coagulated tis- 



sue is therefore substantially distinct from the thrombo- 
sis which is formed by the thrombotic aggregation of 
white and red blood ceils, platelets and fibrinogen. The 
coagulative tissue is substantially softer than a thrombic 
mass and can therefore more easily be dislodged. 
[001 6] O'Reilly's device depends at least in part upon 
the successful cauterization timed to occur no later than 
the detachment of the heat tip from the optic fiber. The 
heated tip must also be proportionally sized to the neck 
of the aneurysm in order to effectively coagulate the tis- 
sue surrounding it to form a blockage at the neck. It is 
believed that the tissue in the interior of the aneurysm 
remains substantially uncoagulated. In addition, the hot 
melt adhesive attaching the tip to the optic fiber melts 
and is dispersed into the adjacent blood tissue where it 
resolidifies to form free particles within the intracranial 
blood stream with much the same disadvantages which 
result from fragmentation of a ferromagnetic electro- 
thrombosis. 

[0017] Therefore, what is needed is an apparatus 
which avoids each of the shortcomings and limitations 
of the prior art discussed above. 
[0018] US-A-4 748 986 discloses a guidewire 
intended for use in guiding a catheter into small vessels 
in vascular systems, particularly into cardiovascular 
systems. The guidewire includes a main flexible elon- 
gate element formed of a high torsional strength mate- 
rial such as stainless steel. In one embodiment (Figures 
1-3) this element includes a tapered intermediate por- 
tion and a flattened distal portion. An elongate coil, 
formed of a suitable material such as stainless steel, is 
provided concentrically on the flexible elongate element 
and extends substantially the entire length thereof from 
the proximal end to the distal end of the tapered portion. 
A TEFLON coating is provided on the coil to enhance its 
lubricity. A further coil is provided adjoining the stainless 
steel coil and extending distally therefrom. This further 
coil is formed of a material which is substantially radio- 
paque, such as platinum. The distal end of the stainless 
steel coil and the proximal extremity of the platinum coil 
are threaded together and brazed to the distal tip of the 
tapered portion of the elongate element. The flattened 
distal portion of the elongate element extends longitudi- 
nally inside the platinum coil to provide rigidity to facili- 
tate negotiation of the vascular system. A tungsten 
safety ribbon also extends from the brazed connection 
to a rounded gold protrusion provided at the distal 
extremity of the platinum coil. . 
[001 9] According to the present invention there is pro- 
vided a guidewire for use in endovascular electrothrom- 
bosis in combination with a microcatheter, the guidewire 
comprising: 

a core wire having a main body and a distal portion, 
said distal portion being susceptible to electrolytic 
disintegration in blood; and 
a tip portion coupled to said main body via said dis- 
tal portion and comprised of a material not suscep- 
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tible to electrolytic disintegration in blood, said tip 
portion comprising a coil for endovascular insertion 
within a vascular cavity, said coil defining an interior 
space, said interior space being free and containing 
no reinforcement for the coil ; 5 
the guidewire being so constructed that, on the 
application of current to the guidewire when said 
coil is disposed in the vascular cavity, endovascular 
electrothrombosis can be performed and at least 
one portion of said distal portion electrolytically dis- w 
integrated to detach said coil from said main body. 

[0020] The distal portion preferably comprises an 
exposed stainless steel segment in the form of a coil 
connected at its proximal end to the core wire and con- 15 
nected at its distal end to the tip portion coil. 
[0021 ] The stainless steel segment may further com- 
prise a threadlike extension of the main body of the core 
wire extending concentrically within the stainless steel 
coil and connected at its distal end to the connection of 20 
the distal end of the stainless steel coil and the tip por- 
tion coil, both the threadlike extension and the stainless 
steel coil being susceptible to electrolytic disintegration 
at least at one point in order to detach the tip portion coil 
from the main body. Alternatively, the threadlike exten- 2s 
sion may be omitted so that the stainless steel coil 
defines an interior space that is free and unreinforced. 
[0022] In the preferred embodiments the tip portion 
coil is comprised of a metal, such as platinum or plati- 
num alloy, not susceptible to electrolytic disintegration in 30 
blood. The tip portion coil may be a long and pliable 
segment prebiased to form a helical or spiral coil when 
advanced from a microcatheter into the vascular cavity. 
Alternatively, the tip portion coil may not be prebiased. 
[0023] Embodiments of guidewires in accordance with 35 
the present invention will now be described, by way of 
example only, with reference to the accompanying 
drawings, in which: 

Figure 1 is a partially cross-sectioned side view of a 40 
first embodiment of guidewire in accordance with 
the present invention; 

Figure 1 A is an enlargement of the distal end of the 
guidewire of Figure 1 ; 

Figure 2 is a partially cross-sectioned side view of a 45 
second embodiment of a guidewire which, in the 
precise form illustrated, is not in accordance with 
the present invention; 

Figure 2A is an enlargement of the distal end of the 
guidewire of Figure 2; 50 
Figure 3 is an enlarged side view of a third embod- 
iment of guidewire in accordance with the present 
invention, with a microcatheter portion cut away in 
longitudinal cross-sectional view; 
Figure 4 is a simplified depiction of the guidewire of 55 
Figure 3 shown disposed within a simple cranial 
aneurysm; and 

Figure 5 is a depiction of the guidewire of Figure 4 



shown after electrolytic detachment of its detacha- 
ble coil. 

[0024] An artery, vein, aneurysm, vascular malforma- 
tion or arterial fistula is occluded through endovascular 
electrothrombosis by the endovascular insertion of a 
platinum guidewire tip into the vascular cavity followed 
by application of a positive current. The guidewire tip is 
then separated from the guidewire by electrolytic sepa- 
ration of the tip from the guidewire. A portion of the 
guidewire connected between the tip and the body of 
the guidewire is comprised of stainless steel and 
exposed to the bloodstream so that upon continued 
application of a positive current to the exposed portion, 
the exposed portion is corroded away at least at one 
location and the tip is separated from the body of the 
guidewire. The guidewire and the microcatheter are 
thereafter removed leaving the guidewire tip embedded 
in the thrombus formed within the vascular Cavity. 
[0025] In Figure 1 a conventional Teflon (registered 
trade mark) laminated or similarly insulated stainless 
steel guidewire 10 is disposed within a protective micro- 
catheter (not shown). Stainless steel guidewire 10 is 
approximately 0.254-0.508 mm in diameter. In the illus- 
trated embodiment, guidewire 10 is tapered at its distal 
end to form a conical section 1 2 which joins a section 1 4 
of reduced diameter which extends longitudinally along 
a length 16 of guidewire 10. Section 16 then nanows 
gradually down to a thin threadlike portion 18 beginning 
at a first bonding location 20 and ending at a second 
bonding location 22. 

[0026] The stainless steel guidewire 10, comprised of 
that portion disposed within the microcatheter body, 
tapered section 12, reduced diameter section 16 and 
threadlike section 18, is- collectively referred to as a core 
wire which typically is 50 - 300 cm. in length. 
[0027] In the illustrated embodiment the portion of the 
core wire extending from tapered section 12 to second 
bonding location 22 is collectively referred to as the 
grinding length and may typically he between 20 and 50 
cm. in length. 

[0028] Reduced diameter portion 1 4 and at least part 
of sections 12 and first bonding location 20 may be cov- 
ered with an insulating Teflon laminate 24 which encap- 
sulizes the underlying portion of guidewire 10 to prevent 
contact with the blood. 

[0029] A stainless steel coil 26 is soldered to the prox- 
imate end of threadlike portion 1 8 of guidewire 1 0 at first 
bonding location 20. Stainless steel coil 26 is typically 3 
to 10 cm. in length and like guidewire 10 has a diameter 
typically between 0.254-0.508 mm. 
[0030] The distal end of stainless steel coil 26 is sol- 
dered to the distal end of threadlike portion 18 of 
guidewire 10 and to the proximal end of a platinum sec- 
ondary coil 28 at second bonding location 22. Second- 
ary coil 28 itself forms a spiral or helix typically between 
2 to 10 mm. in diameter. The helical envelope formed by 
secondary coil 28 may be cylindrical or conical. Like 
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guidewire 10 and stainless steel coil 26, secondary coil 
28 is between approximately 0.254-0.508 mm in diame- 
ter. The diameter of the wire itself forming stainless 
steel coil 26 and coil 28 is approximately between 
0.025-0.127 mm (0.001 - 0.005 inch). 5 
[0031 ] The distal end of secondary coil 28 is provided 
with a platinum soldered tip 30 to form a rounded and 
smooth termination to avoid puncturing the aneurysm or 
tearing tissue. 

[0032] Although prebiased to form a cylindrical or con- w 
ical envelope, secondary coil 28 is extremely soft and its 
overall shape is easily deformed. When inserted within 
the microcatheter (not shown), secondary coil 28 is eas- 
ily straightened to lie axial ly within the microcatheter. 
Once disposed out of the tip of the microcatheter, sec- 15 
ondary coil 28 forms the shape shown in Figure 1 and 
may similarly be loosely deformed to the interior shape 
of the aneurysm. 

[0033] As will be described below in greater detail in 
connection with the third embodiment of Figure 3, after 20 
placement of secondary coil 28 within the interior of the 
aneurysm, a direct current is applied to guidewire 10 
from a voltage source exterior to the body. The positive 
charge on secondary coil 28 within the cavity of the 
aneurysm causes a thrombus to form within the aneu- 2s 
rysm by electrothrombosis. Detachment of the tip 
occurs either: (1) by continued application of current for 
a predetermined time when the portion 18 is exposed to 
blood; or (2) by movement of the wire to expose portion 
1 8 to blood followed by continued current application for 30 
a predeteremined time. Ultimately, both threadlike por- 
tion and stainless steel coil 26 will be completely disin- 
tegrated at least at one point, thereby allowing 
guidewire 10 to be withdrawn from the vascular space 
while leaving secondary -coil 28 embedded within the 35 
thrombus formed within the aneurysm. 
[0034] Figure 2 illustrates in enlarged partially cross- 
sectional view a further guidewire. In the form illustrated 
in Figures 2 and 2A this guidewire is not in accordance 
with the present invention due to the absence from the 40 
guidewire of a tip portion in the form of a detachable 
coil. 

[0035] In the guidewire illustrated in Figures 2 and 2A 
a stainless steel core 32 terminates in a conical distal 
portion 34. Stainless steel coil 36. shown in cross-sec- 45 
tional view, is soldered to distal portion 34 of guidewire 
32 at bonding location 38. The opposing end of the 
stainless steel coil 36 is provided with a soldered, 
rounded platinum tip 40. In the illustrated embodiment, 
stainless steel core wire 32 is approximately 0.254 mm 50 
(0.010) in diameter with the length of stainless steel coil 
36 being approximately 8 cm. with the longitudinal 
length of platinum tip 40 being between 3 and 10 mm. 
The total length of guidewire 32 from tip 40 to the proxi- 
mate end is approximately 1 50 cm. 55 
[0036] The guidewire of Figure 2 is utilized in exactly 
the same manner as described above in connection 
with Figure 1 to form a thrombic mass within an aneu- 



rysm or other vascular cavity. The guidewire of Figure 2 
is distinguished from that shown in Figure 1 by the 
absence of the extension of stainless core 32 through 
coil 36 to tip 40. In the case of the guidewire of Figure 2 
no inner core or reinforcement is provided within stain- 
less steel coil 36. Threadlike portion 18 is provided in 
the embodiment of Figure 1 to allow increased tensile 
strength of the guidewire. However, a degree of flexibil- 
ity of the guidewire is sacrificed by the inclusion even of 
threadlike tip 18, so that the guidewire of Figure 2 pro- 
vides a more flexible tip, at least for that portion of the 
microguidewire constituting the stainless steel coil 36. 
[0037] It is expressly understood that in the second 
embodiment of the invention the helical secondary coil 
tip of the embodiment of Figure 1 should similarly be 
attached to stainless steel coil 36 of the guidewire of 
Figure 2. When the guidewire of Figures 2 and 2A is 
modified in this way (not shown), to have a tip portion in 
the form of a detachable coil, it becomes in accordance 
with the present invention. 

[0038] Thinned and threadlike portion guidewires dis- 
posed concentrically within coiled portions are well 
known and are shown in Antoshkiw, "Disposable 
Guidewire". U.S. Patent 3.789,841 (1974); Sepetka et 
al. a "Guidewire Device", U.S. Patent 4,832,047 (1989); 
Engleson. "Catheter Guidewire", U.S. Patent 4,884,579 
(1989); Samson et a)., "Guidewire for Catheters", U.S. 
Patent 4,538,622 (1985); and Samson et at., "Catheter 
Guidewire with Short Spring Tip and Method of Using 
the Same", U.S. Patent 4,554,929 (1 985). 
[0039] Turn now to the third embodiment of the inven- 
tion as shown in Figure 3. Figure 3 shows an enlarged 
side view of a guidewire, generally denoted by reference 
numeral 42, disposed within a microcatheter 44 shown 
in cross-sectional view. Like the embodiment of Figure 
1 , a stainless steel coil 46 is soldered to a conical por- 
tion 48 of guidewire 22 at a first bonding location 50. A 
thin threadlike extension 52 is then longitudinally dis- 
posed within stainless steel coil 46 to a second bonding 
location 54 where stainless steel coil 46 and threadlike 
portion 52 are soldered to a soft platinum coil 56. Plati- 
num coil 56 is not prebiased, nor does it contain any 
internal reinforcement, but is a free and open coil similar 
in that respect to stainless steel coil 36 of the embodi- 
ment of Figure 2. 

[0040] However, platinum coil 56 is particularly distin- 
guished by its length of approximately 1 to 50 cm. and 
by its flexibility. The platinum or platinum alloy used is 
particularly pliable and the diameter of the wire used to 
form platinum coil 56 is approximately 0.025-0.127 mm 
(0.001 - 0.005 inch)in diameter. The distal end of plati- 
num coil 56 is provided with a smooth and rounded plat- 
inum tip 58 similar in that respect to tips 30 and 40 of 
Figures 1 and 2, respectively. 

[0041] When coil 56 is disposed within microcatheter 
44, it lies along the longitudinal lumen 60 defined by 
microcatheter 44. The distal end 62 of microcatheter 60 
is then placed into the neck of the aneurysm and the 
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guidewire 42 is advanced, thereby feeding tip 58 and 
platinum coil 56 into aneurysm 64 until bonding location 
50 resides in the neck of the aneurysm as best depicted 
in the diagrammatic cross-sectional view of Figure 4. 
[0042] Figure 4 illustrates the insertion of the embod- s 
iment of Figure 3 within a vessel 66 with distal tip of 
microcatheter 44 positioned near neck 68 of aneurysm 
64. Coil 56 is fed into aneurysm 64 until at least a por- 
tion of stainless steel coil 46 is exposed beyond the dis- 
tal tip 62 of microcatheter 44. A positive electric current w 
of approximately 0.01 to 2 milliamps at 0.1 - 6 volts is 
applied to guidewire 42 to form the thrombus. Typically 
a thrombus will form within three to five minutes. The 
negative pole 72 of voltage source 70 is typically placed 
over and in contact with the skin. is 
[0043] After the thrombus has been formed and the 
aneurysm completely occluded, tip 58 and coil 56 are 
detached from guidewire 42 by electrolytic disintegra- 
tion of at least one portion of stainless steel coil 46. In 
the illustrated embodiment this is accomplished by con- 20 
tinued application of current until the total time of current 
application is almost approximately four minutes. 
[0044] At least one portion of stainless steel coil 46 
will be completely dissolved through by electrolytic 
action within 3 to 10 minutes, usually about 4 minutes. 25 
After separation by electrolytic disintegration, guidewire 
42, microcatheter 44 and the remaining portion of coil 
46 still attached to guidewire 42 are removed from ves- 
sel 66, leaving aneurysm 64 completely occluded as 
diagrammatical ly depicted in Figure 5 by thrombus 74. It 30 
will be appreciated that the time of disintegration may be 
varied by altering the dimensions of the portions of the 
wire and/or the current. 

[0045] The process is practiced under fluoroscopic 
control with local anesthesia at the groin. A transfemoral 35. 
microcatheter is utilized to treat the cerebral aneurysm. 
The platinum is not affected by electrolysis and the 
remaining portions of the microcatheter are insulated 
either by a Teflon lamination directly on guidewire 42 
and/or by microcatheter 44. Only the exposed portion of 40 
the guidewire 46 is affected by the electrolysis. 
[0046] It has further been discovered that thrombus 74 
continues to form even after detachment from guidewire 
42. It is believed that a positive charge is retained on or 
near coil 56 which therefore continues to attract plate- 45 
lets, white blood cells, red blood cells and fibrinogen 
within aneurysm 64. 

[0047] Many alterations and modifications may be . . 
made by those having ordinary skill in the art. There- 
fore, it must be understood that the shape of the tip or so 
distal platinum coil used in combination with the 
guidewire according to the invention may be provided 
with a variety of shapes and envelopes. Still further, the 
diameter of the guidewire, various of the guidewire 
described above and the stainless steel coil immedi- ss 
ately proximal to the detachable tip may be provided 
with differing diameters or cross sections to vary the 
times and current magnitudes necessary in order to 



effectuate electrolytic detachment from the tip. Still fur- 
ther, the invention may include conventional electronics 
connected to the proximal end of the guidewire for 
determining the exact instant of detachment of the distal 
tip from the guidewire. 

[0048] Therefore, the illustrated embodiments have 
been set forth only for the purposes of clarity and exam- 
ple and should not be taken as limiting the invention as 
defined by the following claims. 
[0049] Trie following is a non-limitative summary of 
the preferred methods of use of the illustrated embodi- 
ments of guidewires. 

[0050] The abovedescribed embodiments of 
guidewires may be used to form a thrombus within a 
vascular cavity by first endovascularly disposing the 
guidewire near an endovascular opening into the vascu- 
lar cavity. The detachable distal tip of the guidewire is 
then disposed into the vascular cavity. An electrical sig- 
nal is applied to the distal tip within the vascular cavity 
to form a thrombus within the vascular cavity about the 
distal tip. The distal tip is detached from the main body 
of the guidewire to leave the distal tip within the vascular 
cavity and the thrombus electrically formed within the 
vascular cavity. 

[0051] As a result, electrical formation of a thrombus 
is completely endovascularly formed. 
[0052] The step of disposing the distal tip in the vas- 
cular cavity further comprises the step of substantially 
occupying the vascular cavity with the distal tip. 
[0053] In one embodiment the step of substantially 
occupying the vascular cavity comprises the step of fill- 
ing the vascular cavity with a long and pliable length of 
the distal tip. 

[0054] The step of detaching the distal tip from the 
main body of the guidewire comprises the step of elec- - 
trolytically detaching the distal tip. 
[0055] The step of electrolytically detaching the distal 
tip from the main body of the guidewire comprises the 
step of electrolytically disintegrating at least one portion 
of a connecting segment extending between the main 
body of the guidewire and the distal tip. 
[0056] The step of electrolytically disintegrating the 
connecting segment comprises the step of electrolyti- 
cally corroding away at least a portion of a coil segment. 
[0057] The step of electrolytically corroding the coil 
segment comprises the step of electrolytically disinte- 
grating a stainless steel coil segment. 
[0058]. The step of applying an electricahsignal to the 
distal tip to form the thrombus comprises the step of 
applying a positive direct current for a first predeter- 
mined time period. The tip can be detached in at least 
three different ways. First, the same current for forming 
the thrombosis may also simultaneously be used to 
detach the tip. Second, the current, which forms the 
thrombosis or initiates the continuing formation of the 
thrombosis during a following period of no current, is fol- 
lowed by a current of the same or different magnitude 
during a second time period to effect detachment Third, 
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the thrombosis is formed during a time period during 
which the disintegratable distal portion of the core wire 
is arranged and configured not to be exposed to the 
blood. The guidewire is then repositioned so the disinte- 
gratable portion is exposed to electrolytic disintegration 
in the blood by application of the same or different level 
of current for an additional time period to effect detach- 
ment. 

Claims 

1 . A guidewire (1 0,42) for use in endovascular electro- 
thrombosis in combination with a microcatheter 
(44), the guidewire comprising: 

a core wire having a main body (12,16;32) and 
a distal portion (18,26;36,46), said distal por- 
tion (18,26,36,46) being susceptible to electro- 
lytic disintegration in blood; and 
a tip portion (28,56) coupled to said main body 
(12,16.32) via said distal portion (18.26,36,46) 
and comprised of a material not susceptible to 
electrolytic disintegration in blood, said tip por- 
tion comprising a coil (28,56) for endovascular 
insertion within a vascular cavity, said coil 
(28,56) defining an interior space, said interior 
space being free and containing no reinforce- 
ment for the coil (28,56); 
the guidewire being so constructed that, on the 
application of current to the guidewire (10,42) 
when said coil (28,56) is disposed in the vascu- 
lar cavity, endovascular electrothrombosis can 
be performed and at least one portion of said 
distal portion (18,26.36,46) electrolytically dis- 

integrated-to detach said coil (28,56) from said 

main body (12,16,32). 

2. A guidewire as claimed in claim 1 , wherein said dis- 
tal portion (18.26,36,46) comprises an exposed 
stainless steel segment. 

3. A guidewire as claimed in claim 2, wherein said 
stainless steel segment comprises a stainless steel 
coil (26,36,46) connected at its proximal end to said 
core wire and connected at its distal end to said tip 
portion coil (28,56). 

4. - A guidewire as :claimed in claim 3. wherein, said 

stainless steel segment further comprises a thread- 
like extension (18,52) of the main body (12,16) of 
the core wire extending concentrically within said 
stainless steel coil (26,46) and connected at its dis- 
tal end to the connection of the distal end of the 
stainless steel coil (26,46) and the tip portion coil 
(28,56), both said threadlike extension (18,52) and 
said stainless steel coil (26,46) being susceptible to 
electrolytic disintegration at least at one point in 
order to detach the tip portion coil (28,56) from the 



main body (12,16). 

5. A guidewire as claimed in any one of the preceding 
claims, wherein the tip portion coil (28,56) is com- 

5 prised of a metal not susceptible to electrolytic dis- 
integration in blood. 

6. A guidewire as claimed in any one of the preceding 
claims, wherein the tip portion coil (28,56) is made 

10 of platinum or platinum alloy. 

7. A guidewire as claimed in claim 6, wherein the tip 
portion coil (28,56) is made of 479 platinum alloy. 

15 8. A guidewire as claimed in any one of the preceding 
claims, wherein the tip portion coil (28,56) is a long 
and pliable segment. 

9. A guidewire as claimed in any one of the preceding 
20 claims, wherein the tip portion coil (56) is not prebi- 

ased. 

10. A guidewire as claimed in claim 9, wherein the tip 
portion coil (28,56) has a length of approximately 1 

25 to 50 cm. 

1 1 . A guidewire as claimed in any one of the preceding 
claims, wherein the diameter of wire wound to form 
the tip portion coil (28,56) is approximately between 

30 0.025 and 0.125 mm. 

1 2. A guidewire as claimed in any one of the preceding 
claims, wherein the distal end of the tip portion coil 
(28) is provided with a platinum soldered tip (30,58) 

35 . to form a rounded and smooth termination to avoid 
puncturing the vascular cavity. 

1 3. A guidewire as claimed in any one of the preceding 
claims, wherein the main body (12,16,32) of the 

40 core wire is covered with insulation (24), to prevent 
the underlying portion of the guidewire from coming 
into contact with blood. 

14. A guidewire as claimed in any one of the preceding 
45 claims, wherein the distal portion (18,26,36,46) of 

the core wire is such that when the tip portion coil 
(28,56) is disposed in the vascular cavity and the 
guidewire is supplied with a .current; of approxi- 
mately 0.01 to 2 milliamps to the guidewire at 0. 1 to 
so 6 volts, electrolytic disintegration of said at least 
one portion of the distal portion (18,26,36,46) of the 
core wire takes place within 3 to 1 0 minutes, prefer- 
ably about 4 minutes, thereby to detach the tip por- 
tion coil from the main body of the core wire. 

55 

15. A guidewire as claimed in any one of the preceding 
claims, wherein the vascular cavity is an aneurysm. 
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16. A microcatheter (44) in combination with a 
guidewire (1 0,42) of the construction claimed in any 
one of the preceding claims, the guidewire (10) 
being disposed inside the microcatheter (44). 

5 

Patentanspruche 

1. Fuhrungsdraht (10,42) zur Verwendung bei der 
endovaskuiaren Elektrothrombose in Kombination 

mit einem Mikrokatheter (44), wobei der Fuhrungs- 10 
draht umfaBt: 

einen Kerndraht mit einem HauptkOrper 
(12,16,32) und einem distalen Abschnitt 
(18,26,36,46), wobei der distale Abschnitt is 
(18,26,36,46) empfanglich fur eine elektrolyti- 
sche AuflOsung in Blut ist; und 

einen Spitzenabschnitt (28,56), der an den 
HauptkOrper (12,16,32) uber den distalen 20 
Abschnitt (18,26,36,46) gekoppelt ist und sich 
aus einem Material zusammensetzt, das nicht 
empfanglich fur eine elektrolytische AuflOsung 
in Blut ist, wobei der Spitzenabschnitt eine 
Spule (28,56) fur die endovaskuiare Einfuh- 25 
rung in einen GefaBhohlraum umfaBt, wobei 
die Spule (28,56) einen Innenraum definiert, 
welcher Innenraum frei ist und keine Verstar- 
kung fur die Spule (28,56) enthait; 

30 

wobei der Fuhrungsdraht so konstruiert ist, 
daB bei Anlegen von Strom an den Fuhrungs- 
draht (10,42), wenn die Spule (28,56) im 
GefaBhohlraum zurechtgelegt ist, die endovas- 
kuiare Elektrothrombose vorgenommen wer- 35 
den kann und zumindest ein Abschnitt des 
distalen Abschnitts (18,26,36,46) elektrolytisch 
aufgelOst werden kann, um die Spule (28,56) 
vom HauptkOrper (12,16,32) zu iOsen. 

40 

2. Fuhrungsdraht nach Anspruch 1 , wobei der distale 
Abschnitt (18,26,36,46) ein freiliegendes Edelstahl- 
Segment umfaBt. 

3. Fuhrungsdraht nach Anspruch 2. wobei das Edel- 45 
stahl-Segment eine Edelstahl-Spule (26.36,46) 
umfafBt, die an ihrem proximalen Ende mit dem 

Kerndraht verbunden ist und an ihrem distalen- 

Ende mit der Spitzenabschnitt-Spule (28,56) ver- 
bunden ist. 50 

4. Fuhrungsdraht nach Anspruch 3, wobei das Edel- 
stahl-Segment auBerdem eine fadenfOrmige Ver- 
langerung (18,52) des HauptkOrpers (12,16) des 
Kerndrahts umfaBt, die sich konzentrisch innerhalb 55 
der Edelstahl-Spule (26,46) erstreckt und an ihrem 
distalen Ende mit der Verbindung des distalen 
Endes der Edelstahl-Spule (26.46) und der Spit- 



zenabschnitt-Spule (28,52) verbunden ist, wobei 
sowohl die fadenfOrmige Veriangerung (18,52) als 
auch die Edelstahl-Spule (26,46) empfanglich fur 
eine elektrolytische AuflOsung zumindest an einem 
Punkt ist, um die Spitzenabschnitt-Spule (28,56) 
vom HauptkOrper (12,16) zu lOsen. 

5. Fuhrungsdraht nach einem der vorangehenden 
Anspruche, wobei die Spitzenabschnitt-Spule 
(28,56) aus einem nicht fur eine elektrolytische Auf- 
lOsung in Blut empfanglichen Metal! besteht 

6. Fuhrungsdraht nach einem der vorangehenden 
Anspruche, wobei die Spitzenabschnitt-Spule 
(28,56) aus Platin Oder Platinlegierung hergestellt 

ist. 

7. Fuhrungsdraht nach Anspruch 6. wobei die Spit- 
zenabschnitt-Spule (28,56) aus 479 Platinlegierung 
hergestellt ist. 

8. Fuhrungsdraht nach einem der vorangehenden 
Anspruche. wobei die Spitzenabschnitt-Spule 
(28,56) ein langes und biegsames Segment ist. 

9. Fuhrungsdraht nach einem der vorangehenden 
Anspruche, wobei die Spitzenabschnitt-Spule (56) 
nicht vorgespannt ist. 

10. Fuhrungsdraht nach Anspruch 9, wobei die Spit- 
zenabschnitt-Spule (28,56) eine Lange von etwa 1 
bis 50 cm aufweist. 

11. Fuhrungsdraht nach einem der vorangehenden 
Anspruche, wobei der Durchmesser des gewunde^ 
nen Drahtes zum Erhatt der vorgespannten Spule 
(28,56) etwa 0,025 bis 0.125 mm betragt. 

12. Fuhrungsdraht nach einem der vorangehenden 
Anspruche, wobei das distale Ende der Spitzenab- 
schnitt-Spule (28) mit einer angelOteten Platin- 
spitze (30,58) versehen ist. um ein abgerundetes 
und glattes Ende zur Vermeidung des Punktierens 
des GefdBhohlraums zu erhalten. 

13. FOhrungsdraht nach einem der vorangehenden 
Anspruche. wobei der HauptkOrper (12,16.32) des 
Kerndrahts mit Isolierung (24) bedeckt ist, um den 
Korrtakt des zugrundeliegenden Abschnitts des 
Fuhrungsdrahts mit Blut zu vermeiden. 

14. Fuhrungsdraht nach einem der vorangehenden 
Anspruche, wobei der distale Abschnitt 
(18,26,36,46) des Kerndrahts derart ist, daB dann, 
wenn die Spitzenabschnitt-Spule (28,56) im GefaB- 
hohlraum zurechtgelegt ist und ein Strom von etwa 
0,01 bis 2 Milliampere an den Fuhrungsdraht bei 
0,1 bis 6 Volt angelegt wird, die elektrolytische Auf- 
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losung des zumindest einen Abschnrtts des dista- 
len Abschnitts (18,26,36,46) des Kerndrahts 
innerhalb von 3 bis 10 Minuten, bevorzugt etwa 4 
Minuten, stattf indet, um die Spitzenabschnitt-Spule 
vom Hauptkflrper des Kerndrahts zu I6sen. 5 

15. Fuhrungsdraht nach einem der vorangehenden 
Anspruche, wobei der GefaGhohlraum ein Aneu- 
rysma ist. 

w 

16. Mikrokatheter (44) in Kombination mit einem Fuh- 
rungsdraht (10,42) der in einem der vorangehen- 
den Anspruche beanspruchten Konstruktion, wobei 
der Fuhrungsdraht (10) im Inneren des Mikrokathe- 
ters (44) angeordnet ist. is 

Revendications 

1. Fil de guidage (10, 42) destine a etre utilise dans 
I'electrothrombose endovasculaire en combinaison 20 
avec un microcathiter (44), le fil de guidage com- 
prenant : 

un fil central comportant un corps principal (12, 
16, 32) et une partie distale (18, 26, 36, 46), 25 
ladite partie distale (18, 26, 36, 46) 6tant sus- 
ceptible de subir une disintegration ilectrolyti- 
que dans le sang ; et 

une partie de pointe (28, 56) couplie audit 
corps principal (12, 16, 32) par I'intermidiaire 30 
de ladite partie distale (18, 26, 36, 46) et com- 
posee d'un materiau qui n'est pas susceptible 
de subir une disintegration ilectrolytique dans 
le sang, ladite partie de pointe comprenant un 
serpentin (28, 56) pour I'insertion endovascur. 35. 
laire a I'interieur d'une cavity vasculaire, (edit 
serpentin (28, 56) difinissant un espace inte- 
rieur, (edit espace interieur etant libre et ne 
contenant pas de renforcement pour le serpen- 
tin (28, 56) ; 40 
le fil de guidage etant construit de telle sorte 
que, lors de I'application d'un courant au fil de 
guidage (10, 42) iorsque ledit serpentin (28, 
56) est dispose dans la cavite vasculaire, une 
6lectrothrombose endovasculaire puisse etre 45 
effectuie, et qu'au moins une partie de ladite 
partie distale (18, 26, 36, 46) soit ilectrolyti- 
quement disintegrie de fagon a detacher ledit 
serpentin (28. 56) dudit corps principal (12, 16, 
32). so 

2. Fil de guidage selon la revendication 1 , dans lequel 
ladite partie distale (18, 26, 36, 46) comprend un 
segment en acier inoxydable expose. 

55 

3. Fil de guidage selon la revendication 2, dans lequel 
ledit segment en acier inoxydable comprend un ser- 
pentin en acier inoxydable (26, 36, 46) raccorde en 



son extremite proximale audit fil central et raccorde 
en son extremite distale audit serpentin de partie 
de pointe (28, 56). 

4. Fil de guidage selon la revendication 3, dans lequel 
ledit segment en acier inoxydable comprend de 
plus un prolongement analogue a un filament (18, 
52) du corps principal (12, 16) du fil central, qui 
s'etend de fagon concentrique a I'interieur dudit ser- 
pentin en acier inoxydable (26, 46), et qui est rac- 
corde en son extremite distale au raccordement de 
Textremite distale du serpentin en acier inoxydable 
(26, 46) et du serpentin de partie de pointe (28. 56), 
ledit prolongement analogue a un filament (18, 52) 
et ledit serpentin en acier inoxydable (26, 46) etant 
tous deux susceptibles de subir une disintegration 
ilectrolytique au moins en un point de fagon a deta- 
cher le serpentin de partie de pointe (28, 56) du 
corps principal (12, 26). 

5. Fil de guidage selon Tune quelconque des revendi- 
cations pricidentes, dans lequel le serpentin de 
partie de pointe (28, 56) se compose d'un mital qui 
n'est pas susceptible de subir une disintegration 
ilectrolytique dans le sang. 

6. Fil de guidage selon Tune quelconque des revendi- 
cations pricidentes, dans lequel le serpentin de 
partie de pointe (28, 56) est realise en platine ou en 
alliage de platine. 

7. Fil de guidage selon la revendication 6, dans lequel 
le serpentin de partie de pointe (28, 56) est realise 
en alliage de platine 479. 

8. Fil de guidage selon I'une quelconque des revendi- 
cations pricidentes, dans lequel le serpentin de 
partie de pointe (28, 56) est un segment long et 
pliable. 

9. HI de guidage selon Tune quelconque des revendi- 
cations pricidentes, dans lequel le serpentin de 
partie de pointe (56) n'est pas pre-contraint. 

10. Fil de guidage selon la revendication 9, dans lequel 
le serpentin de partie de pointe (28, 56) a une lon- 
gueur comprise approximativement entre 1 et 50 
cm. 

11. Fil de guidage selon I'une quelconque des revendi- 
cations pricidentes, dans lequel le diamitre du fil 
enroule pour former le serpentin de partie de pointe 
(28. 56) est compris approximativement entre 
0,025 et 0,125 mm. 

12. Fil de guidage selon I'une quelconque des revendi- 
cations precidentes, dans lequel I'extrimite distale 
du serpentin de partie de pointe (28) comporte une 
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pointe soud6e au platine (30, 58) af in de former une 
terminaison ronde et lisse af in d'6viter de percer la 
cavite vasculaire. 

13. Fil de guidage selon Tune quelconque des revendi- s 
cations pr6c6dentes, dans lequel le corps principal 
(12, 16, 32)dufildecoeur est recouvert d'un isolant 
(24) pour emp§cher la partie sous-jacente du fil de 
guidage de venir en contact avec le sang. 

10 

14. Fil de guidage selon Tune quelconque des revendi- 
cations pr£c£dentes, dans lequel la partie distale 
(18, 26, 36, 46) du fil central est telle que, lorsque le 
serpentin de partie de pointe (28, 56) est dispose 
dans la cavite vasculaire et que Ton d6livre au fil de 15 
guidage un courant compris approximativement 
entre 0,01 et 2 milliampgres sous 0,1 k 6 volts, la 
disintegration §lectrolytique de ladite partie au 
nombre d'au moins une de la partie distale (18, 26, 

36, 46) du fil central s'effectue en 3 k 10 minutes, 20 
et, de pr6f 6rence, en 4 minutes environ, de facon k 
detacher par consequent le serpentin de partie de 
pointe du corps principal du fil central. 

15. Fil de guidage selon Tune quelconque des revendi- 25 
cations pr6c6derries, dans lequel la cavrte vascu- 
laire est un an6vrisme. 

16. Microcatheter (44) en combinaison avec un fil de 
guidage (10, 42) ayant la construction selon Tune 30 
quelconque des revendications pr£c£dentes, le fil 

de guidage (10) etant dispose k I'interieur du micro- 
catheter (44). 
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